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The Hazard Control of Harmful Gas in the Wet Bench

Student: Wei-Yang Cheng Advisor: Wu-Shung Fu

Department of Mechanical Engineering

National Chiao Tung University

Abstract

The aim of this simulation is to discuss the different size of exhaust with
different flow rate, finding the best flux that can make the gas stored at the under of
trough bottom. Preventing the gas stirred up .and moved upward then passes the front
wall and plank to the workers. <Protecting the safety of the workers. Another aim is
to find out the final exhausted time for the different rotating speed of cover.
Combining the results, when the flow rate of exhaust is not big enough, the gas will
stir up and diffuse. When the rotating speed is faster; the gas at the front side is stirred
harder and covered wider to the cover.

The STAR-CD is adopted to simulate the gas diffusion from the trough of the
wet bench without cover in 3D and the FLUENT is adopted to simulate the gas
diffusion from the trough of the wet bench with cover in 2D. Making the animation

for observing the whole diffusion process.
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¥ F RIS

2-1 $#EHE

B Ak e 4§ e oM 21 SRR L AR Y
B2 A R T RoREIHREC o mARFE L AT 0 RBEEEFT UEE G
FRRE R AR kR P BRNI00% 0 § A F I A A
PR T ETORF E R CRF REF T A BT B 2-2 5 0 F R
St AR e
2-2 &7 EK B L 25N

A EERY Ik PO R RS ST AN AT
o T iR
(1) zFZ=48%2 & B4 & Mo
(2) 2 iwinds 24 o 5 2 508 (Newtonian fluid) » &kiF Mk

(Viscosity) » % *w it w5 3 FRAG ¥ ki
(3) mHEf 2 R o % & E F#4 %% (no-slip condition) °
(4) o kR > B 100%°
(b)) *mEARTE -
(6) 2 ¥ REA FiF e

(1) X3 “8BF J-
o B ARV G B AR S R AR~ TR E o AR~ X E
= j}i’%&-ﬂ‘s F25N o B 4ol

I Sl

_+i(puj):0 (2-1)
X
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0 o , - ap.

—(pu, )J+— (i u, —1t.)=—"+s, 2-2
5 P axj(p“ D=5 T (2-2)
ﬂ =

2 Ou —
T, = 2us, L 6xk S5, —puu; (2-3)
k
1 Ou Ou,
= (g 2-4
% 2(6xj 6xl.) @
t:time

x. :Cartesian coordinate(i=1,2,3)

u, :absolute fluid velocity component in direction x,

u,:u;—u, > relative velocity between fluid and-local (moving)coordinate

frame that moves with veloeity u,

p :plezometric pressure=p, —p,g,%, Where p.  1s the static pressure p,
1s reference density - the g, are gravitational field components and
the x, are coordinates from a datum -’ where p, is defined

p :density
7. :Stress tensor components

s, .mass source

s, :momentum source components

17



Fondear 2 f257% (k-equation):

0 0 . ~ u, . ok
—(pk)+—[pu k—(u+—)—]=
o (pk) . [pu ke —(u Gk) 6xj]

J

2 ou. ou.
1, (P+Py)— pe —g(u, —l+pk)a—xl+ 1Py

axi i
(2-5)
H ¥
ou,
pE2Siji (2-6)
6xj
10
p, =-S5 P (2-7)
Ty, P OX;
—— Ou, 2 _ou. k. Ou.
Py ==L, P 5y (2-8)
U, Ox ;- Ox;
Gk » il%E fE— °
¥t B4 2 258 (g —equations) ¢
0 o . ,
= (pe)+——Lpite - (u+~ >—]—
ot Ox; o, Ox,
& 2 ou, ou. &
C,, —[uP——(u,—+ pk)—1+C_,—uP, 2-9
31 k[:ut 3(:ut aXi p )axj] &3 k;ut B ( )
g’ ou
—Cop— 3 +Cs4pga_l+c kut NL
2P
C pk?
K, :f“T (2-11)

o, C,>C,, »C,>C,, 555%kEthikiird 2-1 %7 -
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E R AN

\/_6 (\/_p (pujmm—F,j):sm (2-12)
F, =pD, == —p (2-13)

J

s : rate of production or consumption due to chemical reaction

m

F,  :diffusional flux component

D, :molecular diffusivity of component m
2-3 F R ix i
A AR IRr v f A E- PR RAT ORACL SH- i
BROHERUHERERAE U ARG FUid o RSP PR v BRI
oo d - BRI OER LT A A R RIE S AN R T EE
Ao B4R - FRER SRR v R ERER  F

1. 2k Tigid .

FEm R G & F A% (no-slip condition) e

U=0->V=0>W=0

- drm 2 EH é’véjli’#f’\#/;ﬁﬁvmgéﬁ} TooheR AR BEe s B E R
Wb hEf e 0 BT R LR R K s mIFHER

k¥ e Bl#* near-wall model EJZ

19



+

y PET

+ y _y
u" =<1 o " (2-14)

;hl(Ey )yt

Hoev(2-14) ¢

ut (u—uw)/u u ook RE R u, tRER R R

T

T, )? .
u, =| = T, " BEe TR
P
y+=pCL/4k]/2y/u k @ %55 ik
Yo y= 2z + - N . + 1 +
E: 555 ik Yy i B 2 AR5 ym‘;ln(Eym):O

4. RiENR v ER

U=U,, » V=0 =0
5. ERER:

kiR g kR F 2 100%

¢" =0, W +P) (2-15)
3/4
o, —0.007%
P=924|| = —1{|1+0.28exp| ——— (2-16)
G¢,t G¢,t

¢ : p(¢, —d)u /F,, formass flux
¢, : wall value

0, Mo lecular Prandtl/Schmidt number

o, ‘turbulent Prandtl/Schmidt number

20



F

total — * pressure viscous

[: 331 iT— Rt Hpheniedp

VPR R
o :HE
a, &4k R

E S e 2 R

pressure *

B e d 22 Kr s
cE G oA 3 AL
viscous * ¥ T 2 &b

s
- FE 4 =5 ‘NJ
total * ¥ IT —~

FEIEIB AR EABL L - e R Ao F D

B i An 43D A ES ahx
o F A deiiE s b 5 0.3rad/s ~0.6rad/s ~0.9rad/s >

IR I L

FRERBKT R B G IR RS N o

21

Eeho FIR L& F A JITEA 477

-yEH

H ¥ 3
';T_p_',-

(2-17)
(2-18)

(2-19)

(2-20)

(2-21)
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% 2-1 #¥h—g Finf ki
C,u Gk Ge Gh Gm Csl CSZ Cg4 k
0.09 1.0 1.22 0.9 0.9 |1.44 1.92 -0.33 0.42

*C_,=1.44 for pj >0 ‘and is zero otherwise
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3-1 #&E ™ 2

AT B KBS HSFHE R RSO M lkE S 2 A
ondgd Fafet gt STAR-CD 535 % & Finimdrk—e #5542 2 7 BRigin
Bt o f2 = B fE ik Navier-Stokes equations: I 1 * 5 *U% ## i# (finite-volume)
2 o w) % SIMPLE i/ 5 i3 B 48 i3 PISO G 5 2 R34 ind> 2%

B ENE BIAF Y e D RE S doB] 3-1 97 0 3 B B AR AR T T

® 3-2 -
3 LR AR 2 o= 2 4258 (conservation equations)® # ¢ 40T
0 L
5(P¢)+le(Pur¢—r¢g"ad¢) =5, (3-D

‘J ur —u—uc ﬁ' i %ﬁ E‘Zu "’h’}i! SK }iuc~#5§‘fk)§i ¢ FYNES ,&,7]‘5?&@ é@ﬁi F
Fos, & 8] & e #(dif fusion)f= kiR Gvfic(source)
B(-DifAate v

%IpMV+Z I(p;r¢—r¢grad¢)-d§:js¢dV (3-2)

I T, T
145 (3-2)3% > # ¢ 38 iv g
1. #5458 (diffusion terms)
T, zZ(p;rqﬁ.ﬁ)‘j—Z(rgﬁﬁqs@)j EZCJ'_ZDJ 33
! ! j j
PEECIE T P BT R T Y TRk & 7 o

.~F¢]U — ¢, )+ \grade - S - f; grad¢ de}J (3-4)
#e f; spWHFEF o d,y 2 PIIN2Zw® T, 56 FHicilhdk-

27



2. ® k7@ (source term)
T3 &S, _S2¢P

3. ¥R

(3-5)

58 1 Upwind Differencing Scheme d® » 1343 (3-3) 5% cnde > i

BYd TH LT

) ,F. >0
up _ p J
< __]3{¢ F.<0
N+ >T
H
FJE(pur S)j

J
FEa o (32T AT AL
n 0
AR

&

Appp =2 A,0, +5,+ B¢,

I A, 5 $i% & e P P -
2.3 BB L ATF d AR e -

3. B, =(pV)’ /ot

28

(3-6)

(3-7)

F 2085 jfrg s d Buell -3 Frm g vs 6 pfel d S p 359 5] -

(3-8)

(3-9)

(3-10)



3-2 PISO #c &3+ &

1. ZA &2 fg58 ¢

APuin,p:H( ) BO O +S1+D (P13+_P1\’/1—) (3—11)
H

H(ui,m)EzAmui,m (3_12>
'ﬁDP( I\r'l+_ )%"14&4 " ?ﬁ/sziJfﬂv&@p/ﬁx ’ jf;»}- e R 4B
34 -

(2)F "VF > 4250
~BY+ Y (p"uts;)=0 (3-13)
J

u; » RBE =5 ff S, hl »ER

03B E (mass flux) 4 2 JE 8RR 4 S fB30 5 2 RN eh BEA G
d B-1D v E 0
Aru” :m+B_§§u2P+EI +BP(P,§’—PN"+) (3-14)
B(3-14)58 1 > (B3-13) T4 IR 4 2 fg50
AP =) APl +s, (3-15)

# 5 5 kiR (source term) > i BhiE B oul fru ik o

2. A7 iE AR

(D)3giplz*+ & rF & (predictor term) :

Al = Hu") )+ Bw?, +s, + D, (PY) - PY) (3-16)

Ao POL R BB RS & %”ﬁ%‘r%ﬁ*u )% g % 2 (3-14) @ F] -
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(2)% - =3 &3+ ¥ r# g (first corrector stage) :

FESENFFE TP LT AT
A} = H{ul}) )+ Byl + 5+ Dy (Y]~ ) (3-17)
iJ 1%5‘\‘—_’1‘\*7? :‘; .
ZA T (3-18)
TiaEmEs 5P s i s R ufeu el T E B R u?

ﬂ}fr'u‘ T (3-1T)+ 5 #3530

(3)#h4e iz 3+ ¥ ¥ f (additional corrector stage)

A = H(e))+ Bou? | + 503 D, (P9 - P2) (3-19)
V=S AP 1, (3-20)

=1,2,3... s n P S e He A 5 Fl RRH e q BTV 22 BEfR

¥ EF|FRTIE -

STAR_CD )‘an‘r e ii?}%q\u" 1;5 IE IF f* '1{&(11_,. |,_
1. & - B HFF(time step) e % = #c o
Fo R EATE A F RN PR RS R E T

Cy =% (B;¢; 2B (3-21)

~|B4;
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3-3 % f /F # # 1 (sliding mesh)

AT ABRLSPZEY BESFME Y B F R gl VAR ) S
BT o hoRl 3-5 1w e

d B 3-5 ¥ &> 3T Koo e gh(vertex number) A ) 5 1-6 -3 11-16
Bho @ R BRI T A e ARG T 2R e %I (boundary
number) » # & % 5 1-5 % 6-10° & B &Y R AFF R HEDEER
EHFERRSEZEERRPBBEETHBHE) P B B 7 A H

BT RS LR R L RESR IR RS

i

B0 R AR R R A TSR A 2 et ¥ (3T T E R N
BodeR A 14ob 2 B R8> 2 83 (DR E 2406 paTme R ob7r
Hhopt odm b - K B ERBRB NS G L P EE S ek o

AT RS R E NN A AFRHEF ., At FiES 0 BRI SR
e~ (2 7ARE- BRRIEN) FRES > RIS DFIAE 2 24 F5 5K

AR U, 20 & TN et g
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AR

HISTAR-CDRIEHE
Y > #2xPROSTAR
BT
EERNETE
& Lt
A
BE
%@“ﬁ%&?@ k USR SUBROUTINE
- glEst
A
B AATERE STER
R A COMPILE
A
STAR-CD
SHER LIS
BEEEER

RHEHAR

B 3-2 E AR
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A
L Pe—si=® ti 1-.
N 4 \ face j Nt

® 3-4 PISO 7+ & B
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Mesh block 1 2 .| 3 4 _
3 4 5

3 /

16

T Boundary number

2 3
182 (12 13 [Ty B3,
Mesh block
|| 4y
1 2 3! 4‘ 5 6‘
\11 (12 \13 {14 \15 \16
II'. I'. I| I| Ill
U (2)
1 2 3‘ 4 5| 5! .
f11 [J12 f13 [f14 [15 |16
/ / f f | /
i III |II / / 'I
U (3)
RE TS R Y EE Y
11 12 13 14 15 16
§ 7 8 9 10
(4)

B 3-5 F 4 ® it 7 R0 7 L

36

Vertex mumber

—_—

Lower mezh block moves.
distorting the mesh

The interface slides to
a new posifion

Lower mesh block moves,
reducing the distortion



s le P g * STAR CD &2 FLUENT » fac# > 22 = € s cnficq] o & #
FLUENT 445 & > # * 3| Smoothing &2 Remeshing = 6+ ;2 [21] > Remeshing
E R ERREVRERAGIURFIPI D o P pRAOSFTEEL 2T 0

€% f B> 700 * Remeshing /2 » % $H&V R- TR § R P

o

BEATY 2 o 4rBl 3-8 23 + o Smoothing /£ Pl 5 % B EE B d > » ki
B2 R E ) FR Y o HP Smoothing /2 ¥ & 5 Spring-Based
Smoothing Method £ Laplacian Smoothing Method » # jﬁ WO L i
FpEenfiie s 1 AR B R R TR BRI B B S AT R R TR B Y o (S
A K st B RA 23 B & A o Smoothing i ¥ £ Remeshing i# - Azig * o
¥ bR 4 - f8 Layering i# > Layering 2 &£ >0 5 F A EFH L L3 B HE R o
B sk B e BRI B 2 2 A - (1)
T8 et A A he (2)4 2 i, SR BUAT YR 4o 5 (1+ah i (3)
W% Glca, RV BRI I h i Layering 2 82 ¥ LR B d { RE
it > fe j2 Remeshing /2 v“ & & BB 29 5 48 82 o fiCA) m i 27w A L pE
Layering /é%hﬁ/é;@’* v P VoRedf t OTARMES > &2 g R (B 3-14) o
B RREBHEEEF DS AT AL S e ety e [20]
AR LS e o BRI 5 NI HIEOE B AL R e )
FOTSIRAS R o BB R R AR PR LRt e FI2R R e R
ford TR L B AF RO B R HEAl RA FRIDAZHES PRI
EALREEZ A2 RN p I R R A pE 04k 2 o FLUENT % 772 & b
RGERE O RREARRTV AEIER DB E A RENRIHH o BE TR
ko 2 e WORSGESE R T S 2 KL F TG N A A B
i b g [ 2 sk R PBORTd BIARS A  mlaest d ’ﬁiﬁ%*iféfiﬁﬁﬁ‘*é’ﬁﬂ
FREOTFTRBBFME o BE > L FAEe ST € DR E A% % STAR
CD Hgefdo P> & JF Bk St 22 = EVENT %4 »4cf) 3-9> 4 5 — B T chcase’
AR keadte L EVENT > E B &8 24 40B 3-10 2 B 3-12 © 4o F
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3-11(b) > ## ¥ >block 1 = * i 4 — B 4% > block 1 &= ?f#féi’w?}f— [
block 2 7% 2% o #fi& 2 I EVENT 3% 4 % 5 ifA4F e ft > § AE40 4% & = g > EVENT
» FRF A R é_ﬁﬁ%s‘?ﬁfrﬁiﬁ 4 & Event #ic > 23145 & ,?»‘“-ufr‘ﬂ iy # B oo F Ee e

FHEFL DRLT 22 FH G (Interface) - HFFWEFFH o H6 o

albpihlbib

A W
A T TTU AR
~1. JIrrrrrr LA L N

B 3-8 Remeshing i# 4% % 445 & 7 B [21]
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#. 3-1 FLUENT & STAR CD # &~ e 5 i 2 v 2

FER s Bl Az N #Fd > B A e

STAR CD PFEE 0 FE 5 Af e PP o FAe | U S 0 T

i = FVENT 2% T P I S
T T T B BEPEE | H o &R

FiEAHo - F | 0K EERR

- fe A B o ) o
FLUENT | #eb » 3 | e e [ Wea wnl - 7 | 1R - ;o
R TP S X XN
£ 5 4 T foo HORRRE D | T A0 P
SETE'E L =
C L % o
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EVENT %4

B 3-9 STAR CD & = ¥.T #,

40

%,

i

s HoA) )

5TAR

PROSTAR 310

n2-kay-10
VIEW
0.000
0.000
1.000
ANGLE
0.000
DISTANCE
236,598
CENTER
100,500
15.000
0.500
EHIDDEN PLOT
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_— Temove cell layers mesh block 2 add cell layers —___
interface I ~aigm
~
Pressure mesh block 3
Boundary ™~
! A I B interface I
\ mesh block 1 i
add cell layers remove cell layers ~.

B 3-10 Block meshing strategy[22]

Pressure
«~ Boundary

mesh block 2
interface 11 ‘¢
\
mesh block 3
~
e interface I
mesh block 1
(@)
remove cell layers = add cell layers
mesh block 2 ‘
interface II ~f=
~
mesh block 3
~
» interface I
mesh block 1
add cell layers remove cell layers
| (b) |
1 1
mesh block 2 initial extra (ghost) cells ~
interface I -
~. v .
mesh block 3
\ .
’, interface’l
: “f™~ initial extra (ghost) cells mesh block 1
(©)

B 3-11 Auxiliary cell layer creation and removal strategy[22]
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3 cm ANNNVERNNVRY

Stationary mesh

Interface

XA 2L LA,

7
7/,4

///,

%
AR/,

@ (b)

\\\\\ NN \\\\

4
Z

7
/,
%
%
7

e

© (@

\\\\I\\\\

V4

(e)

B 3-12 Illustration of relative mesh movement|[22 ]

remove add

—

add remove

B 3-13 Cell layers to be added and removed[22 ]
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Yr§ B52HH
ISETE S =3
F1* STARCD R it » 8 - ieh v & 4 5 TR0 3662. Tom® » & & 3 FL

0.4 M/ (f oy ) A R R TR 2B B gAY
720 cm* > 504 cm® > 288 cm® ;s #E B L B E 0. T M) FR e 4 B

579150 # - 1 (e Al 5 2 4 » FIRRAAR T L A & A3 TER

Teng F NEF O RR R R S BHEER 100% kA e R T+ 100% 0 AR e

§F MR G FRHICNE LS AYEESRE S FRFDLT 54 T

A=

NP R SRR A RS o MER AR R B BR S 0,030 A5 7 R
Zoblhrp bt BRI DR AR APERATHETERG XA LR o F
PR URF TR - 2 e Bt kenma e TR B3 e A F K 5T
A A K e oo AT R b fﬁl»/ﬁﬁfﬂ*’ﬂi:ﬂ s M-F F LM e
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RAF oD BPRAG EFAENR T R R R M F A o T pER

Br b AL R SRR v RER DS ke Ehd F Ry bR
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“%‘,7:}5 i ] ﬂg&?““’*‘? hliﬁﬂ%“‘fﬁwwﬁ"'ﬂ#é&\"mu o ARy,

BA
FFF G MY R R ROR B R AR F o R MaEd 3 i

FARE T BH AR % 2 AR DERR(FL PR3 T A
PARER T X bR R E) o LB G EIFHRE 50 1A R

R e R R R R L STREEE S
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AFBEERFTE cRTRR T AT S F e PP A g o B 4-3 5 2
Ve L x—yRaa FERAGR FR4-1>F 5 m_:rjg‘]}%,,bﬁxo,e__ Sk
BRSEFR GO ee -t gt fURE -Jd E R 2R L F DR
CORERDE F 0 A R & AR SERE S p i o doB] 4-4 4w o
e g N REPIALSERE T SR AT S 2B PR T o R T TR
T F R BP IS AR S W g @ RPN B e R b T
e dud g M o AR T MR AL o B 45 H R 440 o

FOUERRR T RDFEAT SR AL TP RFRG R T

o

SE R B AR RS e BT T B e 57 AR T R R
MR R e M AR S PR T ARE P I PR e 2 % D B
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EFo e+ - §F A(AirCurtain) >3 THFFEF R £ 7 £ &5
Foaa oo wd RrEFEZ R E R AL BREAR[13] -
H-RhTofi 50dcm* )3 B h B E - PR v % 720 cm? °

dBA-T #Rk o> RE%E > BERAINES L - LSRR ES T3 &

3

f
fJﬂ
]

A4 T4 b "'}:J'-E/}ff‘ 2 ”KA:\Jii/z‘Z’}tJ}Fb £ —%-3{: e P AT FT 3 7 72 e

e

AR Fl G EAcd FARE R RS B (F A Rjeted miissld f o ad W
AT W48 EWMA-9 ¥ P A NRATE G - HAEE A o5t > FEL
IHFRLEF cERA4A-l-R4-2 - B4-3 v o B4l B4-2 - B4-3 ¢ R
MEHBAGLE2FES IR THEFERE FI FRBREFT L@ E 0
FFET A F ARG U AMA G DE F f AT L TR
AEAz FRE AR v ER R B 4pE el o Himd § f g Tair
AR B A S IR G T )RR T2 R A SR R
4-10 £ F 4-4 > 7 0P BEng o B 4-10 AR 57 1 5 g g B
Poeiinig % st A & pR R B RGeSt R A-11 2R 4-5 0 Bl 4-11 B
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#4-2 2 HEFTEFIFRILLORAFE T X4 Hdy
0.3rad /s Pressure Viscous Total force(N )
force( N ) force( N )
X component 0. 22598894 0.00044049174 0.22642943
Y component -0. 17450683 0.00047297636 -0. 17403385
0.6rad/s Pressure Viscous Total force(N )
force( N ) force( N )
X component 0. 43943882 0.00092176883 0. 44036059
Y component -0. 34201288 0.00093335204 -0. 34107953
0.9rad /s Pressure Viscous Total force(N )
force( N ) force( N )
X component 0. 54632735 0.0012827967 0.54761015
Y component -0.41911197 0.0012993484 -0. 41781262

%4-3 tEE T EF A3 5.6 AFE S 2 %4 Kd

0.3rad /s

Pressure
foree( N)

Viscous
force(N.)

Total force(N )

X component

0.0076007848

=0.00055484305

0.0070459417

Y component

-0. 0089548398

=0-00068802491

-0. 0096428647

0.6rad/s Pressure Viscous Total force(N )
force( N ) force( N )
X component -0. 12008354 -0. 00066789595 -0.12075144
Y component 0.094152123 -0.0007686193 0.093383503
0.9rad /s Pressure Viscous Total force(N )
force( N ) force( N )
X component -0. 17384842 -0. 00049919664 -0.17434762
Y component 0. 13937292 -0.00054184033 0.13883107
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